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Absorption, 37, 39, 41 
Absorption line shape, 3, 7-8 
Absorption spectrum, 31 
Acetylene: 
extended 2ph-TDA, 150-152 
photoelectron spectra, 148-151 
Acoustic phonons, 4-5, 7, 23, 31-36, 40 
coupling to, 14-19 
Debye model of, 5, 14 
weak coupling theory, 21 
Adhesive hard-sphere potential, 249-267 
thermcayzramic singularity, 249 
unphysical PY solutions, 249 
Adiabatic approximation, 150 
Airy function, 173, 186, 198 
Ammonia, ionization, 117 
Angle-resolved photoelectron spectrum, 
hydrocarbons, 139 
Anharmonic phonos, 30, 40-41 
Approximation: 
adiabatic, 150 
asymptotic, 171-172 
BGYK, 217 
HNC, 217 
JWKB, 161 
Kirkwood superposition, 238, 256 
PY, 217 
semiclassical, 161 
stationary phase, 187-190 
sudden, 125 
Swartz Wendroff, 232, 242 
uniform, 172, 198 
Arrhenius temperature dependence, 4-5, 
25, 37 
Asymmetry parameters, 148-153 
Asymptotic approximations, 171-172 
formal, 200 
global, 185-198 
Asymptotic expansion, formal, of y, 208-210 
Auger effect, 118 
Autoionization, 118, 125 
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Baxter transformation, 248-249, 254 
BGYK equation, 255-262 
critical behavior: 
analytical, 258 
numerical, 260 
definition, 217 
direct correlation function, 238 
high-density breakdown, 238 
HNC comparison, 239 
integral equation, 223 
low temperature, 255 
singularity behavior, 258 
solution space structure, 262, 263, 268 
spinodal density, 256-257 
turning point location, 256 
Binary (e,2e) spectroscopy, 116, 123 
carbonyl sulfide, 133 
Binding energy, 119 
Bloch equations, 3-4 
optical, 3 
Born-Green-Yvon hierarchy, see BGYK 
equation 
Born-Oppenheimer approximation, 150 
Borrow intensity, 134-136 
Breakdown of molecular orbital picture of 
ionization, 117-153 
hydrocarbons, 137-143 
methane, 129-139 
Breakdown phenomenon, 117 
Brillouin spectroscopy, 76, 109 
Brownian bistable oscillator, 67 
Buckingham potential, 48 
Bulk modulus, isothermal, 216, 264-265 
alternate microscopic expressions, 216-247 
discretization, 242 
negative values, 247 
van der Waals loop, 248 
Burgers circuit, 105-106 


Cadmium dichloride, 133 
Canonical chart, 191 
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Carbon dioxide, ionization, 117 
Carbon disulfide, ionization, 117 
Carbon monoxide, 148 
ionization, 116 
Carbonyl sulfide, 133-136 
binary (e,2e) spectroscopy, 133 
correlation satellites, 136 
dipole (e,2e) spectroscopy, 133 
photoelectron spectrum, 133 
satellite lines, 134 
shake-up satellites, 134-136 
Catastrophes, 197-198 
Caustics, 167, 197-198 
cusps, 198 
folds, 198 
stable, 198 
Chain axis slip, 108 
Chain folding, 86-90 
Chapeau functions, 231 
Characteristic function, 167 
Charts, 211 
canonical, 191 
singular, 191 
Classical density, 170-171 
mixed spaces, 179 
Cluster expansion, 223-224, 266 
closure comparison, 223-224 
covariance factor, 271 
potential distribution theory, 271 
Clusters, physical, 224, 265, 267 
cutoff suppression, 267-268 
origin of singularity, 267-270 
C.N,, 152 
Coexistence curve, 218, 266 
analytic continuation, 219, 269 
perturbation theories, 269 
singularity, 218, 264 
Configuration-interaction, 126-127, 139 
hydrocarbons, 139-141 
Configurations: 
electron, 120-121 
single-hole, 147 
Conformational transitions, 47, 61-67 
crank shaft, 63 
type 1, 63 
type 2, 63 
type 3, 63 
Conformations: 
all trans, 50 
gauche, 50 


helical, 50 
jog, 50 
kinks, 50 
trans, 50 
Continuation, parametric, 227-228, 245, 263 
Continuum states, 129, 
Correlation effects, 116-153 
final-state, 147 
ionization, 116-153 
Correlation function, 11 
direct, 216 
inhomogeneous, 219 
pair, 215-216 
subcritical fluids, 215-275 
Correlation length, 224 
Correlation satellites, 122 
carbonyl sulfide, 136 
hydrocarbons, 140-141 
initial-state, 122, 152 
methane, 131-136 
zinc dichloride, 132 
COS, 152 
Coupling: 
electron phonon, 3 
interchannel, 123, 125, 150 
vibrionic, 151-152 ' 
Coupling theory, weak, 13-15, 21, 23, 35 
Covariance, potential distribution theory, 
222, 271 
Covariance factor, cluster expansion, 271 
Critical behavior, BGYK, 258-260 
Critical point, 218, 224 
BGYK, 258, 262-263 
closure effect, 235 
HNC, 250, 254-255 
pair potential range, 240-241 
Crystals, 1-41 
heat capacity, 36 
Crystal structure: 
herring bone, 68, 75 
hexagonal, 68, 71 
monoclinic, 68 
orthorhombic, 68 
pseudohexagonal, 68, 71 
triclinic, 68 
Cumulant average, 8 
Cycloparaffins, 53, 99-100 


Debye model, 14, 36, 40 
Debye temperature, 32, 35 

















Defects, 78-90 
chain folding, 86-90 
classification, 78 
dislocation loops, 83-86 
paraffins, 78-90 
Density: 
classical, 170-171 
local, inhomogeneous fluid, 229 
Density function, in mixed spaces, 206-208 
Density functional formalism, 220 
Dephasing: 


optical, 1-41. See also Optical dephasing. 


pure, 2, 31 
Diagrammatic perturbation theory, 9 
1,3-Diazaazulene, in naphthalene, 31-34 
3,4,6,7-Dibenzopyrene, in N-octane, 37-39 
Diffeomorphism, 176, 211 
Dimethylisoindene, 147 
Dipalmtoyl phosphatidyicholin (DPPC), 
100 
Dipole (e,2e) spectroscopy, 116, 123 
carbonyl sulfide, 133 
Direct correlation function, 216 
BGYK equation, 238 
inhomogeneous fluid, 220, 230 
physical structure, 216, 223 
Direct process, 36 
Disclination loops, 78 
Dislocation loops, 
83-86 
Dislocations, 103-108 
edge, 106-107 
movement, 108-109 
Droplet model, 218, 266 


Edge dislocations, 103-108 
Einstein, model, 19, 22 
Elastic constants, 108-109 

paraffins, 108-109 
Electron configurations, 120-121 
Electron-phonon coupling, 3 
Electron-phonon interactions, 2-3 
Elementary catastrophes, 197 
Energy: 

binding, 119 

ionization, 119 

orbital, 120 

orientational, 54-55 

thermodynamic, 217, 225, 240 
Equation-of-motion method, 126 
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Equations: 


BGYK, 217, 223, 238-239, 255-262 
Bloch, 3-4 | 
HNC, 217, 222-223, 250-255 
motion of chain, 57-62 
generalized coordination, 57-59 
mass tenor, 59-61 
normal modes, 61-62 
torsional specific heat, 61-62 
OZ, 216, 230, 265 
PY, 217, 222, 243-250 
Schroedinger, 171-172 
transport, 170-171 
ESCA spectroscopy, 131, 139, 147 
hydrocarbons, 139 
Ethane, 143 
Ethylene, 139 
Exchange theory, 5, 27-30 
Extended 2ph-TDA, 152 
acetylene, 150-152 
hydrocarbons, 139-141 
methane, 129-131 
zinc dichloride, 131 


Fatty acids, 46 
Final state correlation, effects, 147 
Finite element method, 230-232 
adaptive mesh, 233, 263-264 
convergence, 233, 263 
discretizations, 232, 242, 274 
Jacobian, 233 
Swartz-Wendroff approximation, 232, 242 
Fluids, inhomogeneous, see Inhomogeneous 
fluids 
Fluorescence, 37 
Fluorescence spectrum, 13 
Focal defects, 79 
Focus, 200 
Fold catastrophe, 197 
Fourier transform, 180 
importance of, 185 
Frenkel exciton states, 1 


Generating function, 177-178 
Green’s function method, 116-117, 126, 131, 
139, 
hydrocarbons, 141-143 


Hamilton characteristic function, 167 
Hamilton-Jacobi equation, 165 














Hamilton-Jacobi equation (Continued) 
mixed space, 179, 204-206 
solution to, 201-202 
Hartree-Fock particles, 120 
High-density breakdown, BGYK, 238 
Hindered rotation potential, 49 
HNC equation, 250-255 
BGYK comparison, 239 
definition, 217 
integral equation, 222-223 
low temperature, 250 
muitiple solution branches, 253-255 
solution space structure, 262, 268 
spinodal density, 252 
turning point location, 252-253 
Hole burning, 4, 37, 41 
Homogeneous linewidths, 3-4, 37 
Horizontal dislocation loops, 78 
Hydrocarbons: 
angle-resolved photoelectron spectrum, 
139 
breakdown of ionization, 137-143 
configuration-interactions, 139-141 
correlation satellites, 140-141 
ESCA spectra, 139 
extended 2ph-TDA, 139-141 
initial-state correlation satellites, 139-141 
inner valence orbitals, 137-140 
main lines, 137 
photoelectron spectrum, 140-141 
satellite lines, 137-141 
spectra, 137-143 
spectroscopic factor, 139-142 
Hypernetted chain (HNC) approximation, 
see HNC equation 


Independent particle picture, 120 
Infrared spectra, 56 
paraffins, 56 
Inhomogeneous broadening, 3-4, 31 
Inhomogeneous correlation functions, 219 
Inhomogeneous fluids, 219 
direct correlation function, 220, 230 
hard-sphere perturbation, 269 
local density, 229 
OZ equation, 230 
pair correlation function, 230 
Initial-state correlation satellites, 122, 152 
hydrocarbons, 139-141 
methane, 130 
Inner valence orbital, 116, 122, 143 
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hydrocarbons, 137-140 

methane, 130-1347 

nitrogen, 152 

zinc dichloride, 132-133 
Integrals, complete, 165-166 
Interchannel coupling, 123, 125, 150 
Interferences, 149 
Integrals, complete, 165 
Intralayer melting transition, 79-90 

chain folding, 86-90 

dislocation loops, 83-86 
Ionization: 

ammonia, 117 

auto-, 118, 125 

carbon dioxide, 117 

carbon disulfide, 117 

carbon monoxide, 116 

computational aspects, 126-129 

correlation effects, 116-153 

cross section, 123 

nitrogen, 116 

water, 116 
Ionization cross section, 123 
Ionization energy, 119 
Ionization potentials, 126 
Ionization spectrum, 119-126 
Ising theory, 80-83 
Isothermal compressibility, 216 


Jacobian, 170, 226, 229 
mixed spaces, 179 
JWKB approximation, 161 


Kinks, 78 

Kirkwood superposition approximation, 238, 
256 

Koopmans’ theorem, 120-121, 134 


Lagrange manifold, 165; 167-170, 202-204, 
211 
definition, 175-176 
diffeomorphic, 176, 178 
essential properties of, 175-178 
generating function, 177-178 
Lagrangian coordinate planes, 176, 211 
Lagrangian plane, 211 
Lennard-Jones potential, 225, 267, 271 
HNC, 252 
PY, 243 
truncation, 243-245 














Linewidth, temperature behavior of, 17- 
18, 31 

Lipids, 100-103. See also Phospholipids 

Liquid-liquid transition, 76-77 

Local mode, 7, 23 

Local mode lifetime, 24-25 


Main bands, 116 
methane, 131 
Main lines, 117, 122, 127, 146-147, 150 
hydrocarbons, 137 
Manifold, 211 
Lagrangian, 165, 167-170 
Mapping, 211 
Maslov index, 190-193 
p, 191 
v, 192 
Mass tensor, 59-61 
Mayer function, 267, 271 
Melting transitions, 69-72 
intralayer, 73-74, 79-90 
Metastability, 218, 264 
Methane: 
breakdown of ionization, 129-139 
correlation satellites, 131-136 
extended 2ph-TDA, 129-131 
initial-state correlation satellites, 130 
inner valence orbitals, 130-137 
main bands, 131 
relaxation effects, 130-134 
satellite lines, 130-137 
shake-up satellites, 131-134 
spectroscopic factor, 129-132 
Mixed spaces, 170-175 
classical density, 179 
density function, 206-208 
Hamilton-Jacobi equation, 204-206 
Jacobian, 179 
wavefunctions, 180-183 
Mixing orbitals, 120 
Molecular orbit picture, breakdown, 116-153 
Momentum space, 172-175 
Motion of chain equation, 55-67 
conformational transitions, 62-67 
infrared spectra, 56 
Movement dislocations, 108-109 


Newton method, 226 
Nickel dichloride, 147 
p-Nitroaniline, 147 
Nitrogen, 148 
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inner-valence orbital, 152 

ionization, 116 
Nonadiabatic effects, 151-153 
Nonorthogonality correction term, 124, 150 
Nonpertubative theory, 6-14 
Normal modes, 6, 11, 19, 23, 59-61 


One-particle-one hole (1p-1h) configuration, 
120 
Optical Bloch equations, 3 
Optical dephasing, 1-41 
Optical phonons, 19-23 
Orbital energy, 120 
Orbitals, mixing, 120 
Orientational energy, 54-55 
Orientational potential, 54-55 
Ornstein-Zernike (OZ) equation, see OZ 
equation 
OZ equation, 216 
homogeneity constraint, 265 
inhomogeneous fluid, 230 
numerical calibration, 273 


Pair correlation function, 215-216 
asymptotic behavior, 222 
inhomogeneous fluid, 219, 230 
long-ranged solutions, 268 
physical structure, 216 
potential distribution theory, 221 
Pair distribution theory, pair correlation 
function, 221 
Paraffins: 
cyclic, 46 
defects, 78-90 
elastic constants, 108-109 
infrared spectra, 56 
motion of chain, 55-67 
conformational transitions, 62-67 
equations, 57-62 
infrared spectra, 56 
normal 46, 
potential, 47-55 
single chain, 48-50 
two-dimensional phase transitions, 45-109 
Partial-channel ionization cross section, 119, 
123, 126, 148-150 
Partial distribution theory, pair correlation 
function, 221 
PE, see Photoelectron spectroscopy 
Pearcy function, 198 
Pentacene, in benzoic acid, 39-40 
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Percus-Yevick approximation, see PY 
equation 
n-Perfluoroalkanes, 100 
Perturbation theories, 13-14 
coexistence curve, 269 
diagrammatic, 9 
Phase transitions, 45-109 
classification, 95-97 
conformational, 47, 62-67 
intramellar melting, 95 
Kosterlitz-Thouless, 46 
lamellar smectic A, 95 
liquid-crystal, 47 
liquid-liquid, 76-77 
melting, 46, 69-72 
intralayer, 73-74, 79-90 
nematic-isotropic, 95 
premature transition, 46 
rotation transition, 46, 95 
rotator, theory, 90-92 
smectic, 77 
smectic A, 95-97 
smectic-nematic, 95-97 
smectic-smectic, 47 
structural, 47 
surface melting, 93,95 _ 
surface roughening, 95-96 
theory, 77-97 
Transition III II, 76 
Transition IV II, 94-95 
Transition IV III, 75-76 
Transition V IV, 75 
Transition V IV +, 93-94 
two-dimensional, 45-109 
Phonon-assisted transfer, 1-2 
Phonon correlation time, 8, 18-19 
Phonon echo, 4, 37, 39 
Phonons, 1-41 
acoustic, 4-5, 7, 14-19, 23, 31-36, 40 
anharmonic, 30, 40-41 
local mode lifetime, 24-25 
optical, 19-23 
phonon correlation time, 8, 18-19 
pseudolocal, 4-5, 7, 23-30, 37-40 
local mode lifetime, 23-25 
sidebands, 4-5, 31, 41 
Phonon sideband, 5 
Phospholipids, 99, 100-103 
membrane monolayer, 46 
Photodissociation, 118 
Photoelectron spectroscopy (PE), 116 


acetylene, 1482151 
angle-resolved, hydrocarbon, 139 
carbonyl sulfide, 133 
hydrocarbons, 140-141 
Photoionization, 123 


°Photon stimulation desorption, 188 


2ph-TDA, see Two-particle-hole-Tamm- 
Dancoff approximation 
Picard iteration,.234, 250 
Pole strength, 119 
zinc dichloride, 131 


‘ Population relaxation, 2 


Potential, 47-55 
adhesive hardsphere, 249, 267 
Buckingham, 48 
energy surfaces, 151 
hindered rotation, 49 
of interaction, 47-55 
ionization, 126 
Lennard-Jones, 225, 267, 271 
orientational, 54-55 
paraffins, 47-55 
Salem, 51-54 
single chain,’ 48+50 
valence, 49 

Potential distribution theory, 221-222 
clustered expansion, 221 
covariance, 222, 271 


’ Potential energy surfaces, 151 


Pressure: 
compressibility, 216, 240 
virial, 216, 240,259 
Propiolic acid, 120 
Pseudolocal phonons, 4-5, 7, 37-40 


Pure dephasing, 2,31 
PY equation, 243-250 
definition, 217 
integral equation, 222 
singularity behavior, 297 
solution space structure, 262,268 
spinodal density, 245 
turning point location, 245, 248 


Quantum mechanical wavefunction, 261-262 
**Quasi-particle picture,”” 122 


Radiation, synchrotron, 142, 148, 152 
Raman spectroscopy, 76 
Range of influence, 215 

















Rayleigh depolarizatioin, 76 
Regular/Singular, 211 
Relaxation, vibrational, 34 
Relaxation effects, 116, 122 
carbonyl sulfide, 134 
methane, 130-134 
Relaxation process, 2 
Resonances, shape, 148 
Restricted ensemble, 219, 264, 266 
Rotator phase, melting transition, 71 
Rotator transition, theory, 90-92 
Ruby, 34-36 
Rydberg states, 129, 145 


Salem potential, 51-54 
Satellite bands, 116, 152 
Satellite lines, 117, 121, 122, 147, 149, 152 
carbonyl sulfides, 134 
hydrocarbons, 137-141 
methane, 130-137 
zinc dichloride, 131 
Scattering: 
Lennard-Jones, 163 
two-dimensional, 163 
Schroedinger equation, 171-172 
formal asymptotic solution of, 180-183 
Screw dislocation, 103-108 
Semiclassical approximation: 
independence of coordinates, 197 
primitive, 172 
two or three dimensions, 162 
validity, 183-185 
Sensitivity of fluid structure: 
cut off dependence, 226-238, 140 
perturbations, 229 
Separated-channel approximation, 150 
Shake-up bands, 116 
Shake-up satellites, 122 
carbonyl sulfide, 134-136 
methane, 131-134 
zinc dichloride, 132 
Shape resonances, 125, 145, 148 
Sharing of intensity, 127 
Sidebands, 4-5, 31, 41 
Single chain paraffins, 48-50 
Single chain potential, 48-50 
Single-channel approximation, 124-125 
Single-hole (1h) configuration, 120, 144, 147 
Single-particle picture, 116 
Singlet-triplet splitting, 145 
Singular chart, 191 
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Singularity, coexistence curve, 218, 264 
Singularity behavior, BGYK, 258 
Singular points, 191 
Smooth, 211 
Solution, asymptotic, 171-172 
Solution space structure: 
BGYK, 262-263, 268 
HNC, 262, 268 
PY, 262, 268 
Spaces: 
mixed, 170-175 
momentum, 170-175 
Spectroscopic factor, 119, 123, 125, 148 
hydrocarbons, 139-142 
methane, 129-132 
zinc dichloride, 132 
Spectroscopy: 
binary (e,2e), 116, 123 
dipole (e,2e), 116, 123 
ESCA, 131, 139 
photoelectron (PE), 116 
Spinodal curve, 218 
Spinodal density: 
BGYK, 256-257 
HNC, 252 
PY, 245 
Square-well fluid, 242, 258 
Stationary phase approximation, 187-190 
Strain field, 14 
Strong coupling limit, 27 
Subcritical fluid, correlation functions, 215, 
275 
Successive substitution, 234 
Sudden approximation, 125 
Sudden limit, 149 
Surface melting transition, 93 
Swartz-Wendroff approximation, 232, 242 
Switching functions, 187 
Synchrotron radiation, 142, 148, 152 


Temperature dependencies, 18 
Thermodynamic consistency, 217 

cutoff dependence, 226 

numerical calculation, 234 
Thermodynamic energy, 217, 225, 240 
Tilt transition, 103 
Torsional specific heat, 61-62 
Trajectories: 

classical, 165-167 

families of , 167-169 
Transformation, Baxter, 248-249, 254 
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Transition amplitude, 119, 121, 125-126 
Transitions: 
III Il, 76 
IV II, 94 
IV Ill, 75-76 
VIV, 75 
VIV 7, 93-94 
Transport equation, 170-171 
Triacetylene, 147 
Tunneling, 200 
Turning point location, 245, 267 
BGYK, 256 
dimensionality effect, 270 
HNC, 252-253 
pair potential dependence, 249-250, 253, 
267 
PY, 245, 248 
Two-dimensional scattering, 163 
Two-hole-one-particle (2h-1p) configuration, 
120-121, 133, 136, 144-145 
Two-particle-hole-Tamm-Dancoff 
approximation, 117, 127 
extended, 127. See also Extended 2pH- 
TDA 
Two-particle-two-hole (2p-2h) configuration, 
120-121 


Ultraviolet PE spectroscopy (UPS), 116 
Uniform approximations, 172, 187, 190, 198 
strictly, 198 


Vacancies, 78 
Valence potential, 49 
Valence-shell binding energy spectrum, 133 
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Vertical dislocation loops, 78 

Vibrational relaxations, 34 

Vibronic coupling, 151-152 
multistate, 152 

Vibronic spectrum, 31 

Virial pressure, 216, 240, 259 

Vortex loops, 78 


Water, ionization, 116 
Wavefunctions: 
calculation of, 162-212 
canonical formula, 194-197 
mixed spaces, 180-183 
momentum spaces, 180-183 
primitive semiclassical forms, 185-186 
quantum mechanical, 161-212 
Waves: 
incoming, 186 
outgoing, 186 
Weak coupling theory, 13-15, 21, 25, 35 


Xenon, 147 
X-ray emission, 118 
X-ray induced PE spectroscopy (XPS), 116 


Zero-phonon line (ZPL), 4, 31, 37 

Zinc dichloride, 131-134 
correlation satellites, 132 
extended 2pH-TDA, 131 
inner-valence orbitals, 132-133 
pole-strength, 131 
satellite lines, 131 
shake-up satellites, 132 
spectroscopic factor, 132 

ZPL, see Zero-phonon line 
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